Pathogen-free female Hartley guineapigs were divided into four diet groups to determine optimal nitrogen requirements for growth, pregnancy and lactation. Three chemically defined test diets varying in total nitrogen were compared with commercial guineapig feed. Within 13 days, 24 of 78 animals from the three test diet groups died or required euthanasia. Affected guineapigs were depressed, lost weight and had distended abdomens. Distension, impaction and, in most cases, rupture of the spiral of the ascending colon and subsequent peritonitis were observed at necropsy. Husbandry changes which resulted in a decreased incidence of impactions included increased acclimatization time on commercial feed postshipping, decreased animal density per cage and cessation of water medication with oxytetracycline.
Summary
Pathogen-free female Hartley guineapigs were divided into four diet groups to determine optimal nitrogen requirements for growth, pregnancy and lactation. Three chemically defined test diets varying in total nitrogen were compared with commercial guineapig feed. Within 13 days, 24 of 78 animals from the three test diet groups died or required euthanasia. Affected guineapigs were depressed, lost weight and had distended abdomens. Distension, impaction and, in most cases, rupture of the spiral of the ascending colon and subsequent peritonitis were observed at necropsy. Husbandry changes which resulted in a decreased incidence of impactions included increased acclimatization time on commercial feed postshipping, decreased animal density per cage and cessation of water medication with oxytetracycline.
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Caecal obstructions consisting of wood shavings, hair balls and inspissated faeces were described by Wagner (1976) as incidental necropsy findings in guineapigs, Cavia poree/ius. Intestinal impactions and obstructions have been reported in other non-ruminant herbivores, in particular the horse (Meagher, 1972; Tennant, Wheat & Meagher, 1972; Robertson, 1982) , rabbit (Cheeke, Patton & Templeton, 1982; Cheeke, 1983) (Toth, 1984) . Intestinal obstructions occurred in man when excessive dietary fibre was consumed without adequate water intake (Kang & Doe, 1979; Berman & Schultz, 1980) .
High levels of fibre in the diet have been the common factor contributing to intestinal blockages. Reduction of water intake, consumption of indigestible roughage, bedding or sand, poor dentition, advanced age, neoplasia, parasitism, sudden changes in diet and long or irregular feeding intervals have also been implicated in the development of impactions (Meagher, 1972; Tennant, Wheat & Meagher 1972; Ensley et ai., 1982; Robertson, 1982) . This is a report of deaths due to colonic impactions that occurred unexpectedly in a laboratory with a long history of feeding similar chemically defined diets to guineapigs. Several husbandry practices and the associated feeding of chemically defined diets may have contributed to the development of colonic impactions and death in the guineapigs of this report.
Case history Methods
Eighty-seven disease-free female Hartley guineapigs (Hazelton Research Animals, Denver, PA) 2'/2 weeks of age and 143-227 g in weight were placed on chemically defined diets to determine optimal total nitrogen requirements for growth, pregnancy and lactation. The guineapigs were started on the chemically defined diets immediately upon arrival at the laboratory. They were divided into four groups: three groups of 26 animals each were fed chemically defined diets with varying amounts of total nitrogen (2·15%, 2·86% and 3·58%) and a fourth control group of nine animals was fed Pro lab™ Guinea Pig Diet (Agway, Syracuse, NY). The chemically defined diets contained 15% fibre as Cellophane Spangles® (Teklad, Madison, WI), 16·4%-28·6% crystalline amino acids, 5·5%-6·4% minerals, 43%-55% simple sugars and 5% fat including the required levels of fat-soluble vitamins and the required levels of watersoluble vitamins (Tables 1 and 2). The amount of non-essential amino acids varied in proportion to the total nitrogen of the diet. The amount of sugar used in the diets was varied to replace and equalize calories lost in diets with lower nitrogen levels. Levels of individual 113 minerals added were based on levels in other dietary components and were then adjusted to equalize amounts in each diet.
The guineapigs were housed three or four per stainless steel cage in contact with aspen bedding (American Excelsior Products, St Louis, MO). They were weighed upon arrival and daily thereafter. For the first 3 days they received O·75 g oxytetracycline (Terramycin® Soluble Powder Concentrate: Pfizer, NY) per litre of drinking water, after which they received unmedicated water in bottles. Water and feed were provided ad libitum. Temper"ature and humidity were controlled at 24 ± 2°C and 50% ± 3% respectively. Fluorescent lighting was on for 14 h and off for 10 h per day.
Results
Eight days after arrival, one animal from the group fed 2·86% total nitrogen diet died. Necropsy examination revealed an impaction and rupture of the spiral of the ascending colon in the right anterior quadrant of the abdominal cavity immediately beneath the liver. The next day other guineapigs in the chemically defined diet groups died or had lost weight, were depressed, reluctant to move and had distended abdomens.-A firm mass was readily palpable in the right anterior quadrant of the abdomen. Six animals died or were euthanized in extremis on day 9 of the study; three on day 10, six on day 11, two on day 12 and six on day 13. On the afternoon of day 9 all animals were placed on ground Prolab® Guinea Pig Diet. By day 13, 24 of 78 animals from all three chemically defined diet groups had died or been euthanized in extremis. Five guineapigs from the group fed 2·15% total nitrogen, 11 from the group fed 2·86% total nitrogen and . eight from the group fed 3·58% total nitrogen were affected. None of the animals in the control group on commercial feed developed impactions. No animals died after day 13. At necropsy, impaction of the colon, often with subsequent colonic rupture and peritonitis, was consistently found (Figs 1 and 2) . The spiral of the ascending colon was the most frequent site of impaction, corresponding to the abdominal mass that was palpable ante mortem. Rectal impaction occasionally occurred. Colonic distension was noted in all animals and formed faecal pellets were rarely found. Colonic contents were light tan with the Fill. l. Impaction of the spiral of the ascending colon (arrows) and peritonitis secondary to rupture of the colon. consistency of dry modelling clay. No bedding material was observed in impacted ingesta. No evidence of serious naturally occurring infectious disease was detected in necropsied animals.
Microscopic examination of formalin-fixed tissues sectioned and. stained with haematoxylin and eosin revealed multifocal to coalescing areas of mucosal necrosis, erosion and ulceration in the spiral colon. There was marked neutrophilic infiltration into the lamina propria and submucosa.
Acute multi focal haemorrhages were scattered throughout the mucosa, submucosa and muscularis. Acute diffuse peritonitis of serosal surfaces of abdominal organs and the peritoneum was observed in those animals in which the colon had ruptured. Peritonitis was characterized by intense neutrophilic infiltrates and aggregates along with lesser accumulations of macrophages, lymphocytes and plasma cells. No other significant microscopic lesions were noted. 
Discussion
In other animal species and in man intestinal impactions and obstructions have been associated with high levels of dietary fibre and inadequate water intake (Meagher, 1972; Tennant, Wheat & Meagher, 1972; Kang & Doe, 1979; Berman & Schultz, 1980; Ensley et al., 1982; Robertson, 1982; Cheeke, 1983) . These same factors appeared to have contributed to the development of impactions in the guineapigs of this experiment. Impactions occurred when the guinea pigs were switched abruptly from a pelleted diet containing high quality fibre to a chemically defined diet containing 15% indigestible fibre. Experimental induction of colonic impactions occurred when horses with a chronically fistulated pelvic flexure were abruptly switched from a semi-laxative alfalfa pellet diet to coarse hay (Lowe, Sellers & Brondum, 1980; Sellers et ai., 1982) . Impactions in horses occurred within 48 h of changing to a high roughage diet (Lowe, Sellers & Brondum, 1980) . Intestinal blockages occurred in mice on experimental diets containing 20% fibre as psyllium husk in a dry diet (Toth, 1984) . Psyllium is hydrophilic and probably dehydrated the intestinal lumen, causing blockage by forming mucilaginous plugs (Struthers, 1986) .
Factors which decreased water consumption also may have contributed to the development of guineapig impactions. In all previous experiments in which similar chemically defined diets were used guinea pigs were housed singly and none developed impactions (Jeffery & Typpo, 1982; Typpo et ai., 1985) . The territorial behaviour of dominant animals in grouphoused guineapigs may result in reduced accessibility to water for the less dominant animals (Wagner, 1976) . The bitter taste of oxytetracycline in the water probably contributed to decreased water consumption (Huber, 1977) . We observed a 25%-30% decrease in water consumption when guineapigs were provided with water medicated with tetracycline (Gibson, unpublished data). Thus, both territorial behaviour and decreased palatability of the water may have caused inadequate water consumption in some guinea pigs.
As in the horse, impactions in the guineapig had a predilection for a specific anatomical site. Impaction sites in the horse, in order of decreasing frequency, are the pelvic flexure of the large colon, the transverse colon, the small colon and rarely the caecum (Tennant, Wheat & Meagher, 1972; Robertson, 1982) . The spiral of the ascending colon was the impaction site in the guineapigs of this report. The lumen narrows to about 8 mm at the spiral, in contrast with the 15 mm lumenal diameter of the proximal colon (Gabella, 1981) . The proximal colon in the guineapig, as in other nonruminant herbivores, is the primary site of water recovery (Elliot & Barclay-Smith, 1904; Pickard & Stevens, 1972; Koch, 1980) . In the guineapig, antiperistaltic action of the proximal colon serves to reflux fluid and fine particulate matter back into the caecum (Elliot & Barclay-Smith, 1904) . Fibrous or larger particulate components are propelled towards the rectum. This combination of luminal narrowing, drying of ingesta and the tight flexure of the spiral in the ascending colon contributes to the develoment of impactions at this site.
In an attempt to eliminate occurrence of colonic impactions when this experiment was repeated (1) the guineapigs were allowed to acclimatize to their new environment for 5 days prior to being started on chemically defined diets, (2) the water was not medicated and (3) the animals were housed one or two per cage. The net result was a markedly decreased incidence of impactions among animals on chemically defined diets from 30,8% (24 of 78) in the original study to 2·3% (2 of 87).
